The thyroxine: thyroxine-binding globulin (T,,: TBG) ratio is now an established part of the biochemical investigation of thyroid function. Reference ranges have been reported for euthyroid subjects with TBG levels within the range 6--16 mg/l. Routine assay ofTBG on all thyroid function tests in this laboratory has suggested that, in patients with low or high TBG levels, the established reference ranges for T,: TBG may not be strictly applicable.
The thyroxine: thyroxine-binding globulin (T,: TBG) ratio is now an established part of the biochemical investigation of thyroid function. Burr et aU and Attwood et al. 2 have shown that T,: TBG correlates better with thyroid status than the total thyroxine alone or a free thyroxine index calculated using an indirect method of assessing thyroxine-binding proteins.
In the study of Attwood et al.,2 the majority of the euthyroid subjects investigated had TBG levels within the range 8-15 mg/l, and the TBG correlated well with the total thyroxine level. However, in euthyroid subjects with TBG levels greater than 16 mg/l this correlation was not maintained and the T,: TBG ratio appeared to fall.
Similarly, Cusick" demonstrated that, in subjects with very low TBG levels, the T,: TBG ratio was significantly elevated in the presence of a normal serum free thyroxine. The T,: TBG ratio rises to infinity in those subjects with no detectable TBG.
It is the practice in this laboratory to carry out T, and TBG assays on all requests for thyroid function tests. The T,: TBG is then used as a screen to discriminate between euthyroid subjects and those requiring further investigations such as serum free thyroxine and thyroid stimulating hormone (TSH). With low and high TBG levels this procedure has become more difficult, and it is apparent that a simple reference range for T,: TBG (eg, 5·6-12·8) is no longer applicable.
In this study we have examined the T,: TBG ratio of a large number of subjects using serum free thyroxine to define the thyroid status of each subject as closely as possible.
Methods
Serum total thyroxine (T,), free thyroxine (free T,), and TSH were assayed using Immophase reagents supplied by Corning (Corning Medical and Scientific, Corning Ltd, Halstead, Essex). Serum thyroxinebinding globulin (TBG) was assayed by the method of Attwood and Probert' utilising immunoelectrophoresis. The reference ranges were as follows: free T, 13-30 prnol/l, TSH less than 10 mID/I, and TBG 6·1-16·0 mg/l.
Results
T,: TBG and TBG values for 816 subjects with a free T, within the reference range 13-30 pmol/l are plotted in Figure 1 . T,: TBG and TBG values for 138 subjects with a low free T, (less than 13 pmol/l) and 338 subjects with a moderately elevated free T, (31-40 pmol/l) are plotted in Figure 2 . Those subjects with a free T, of less than 13 pmol/l may or may not have had an elevated TSH value.
Results for subjects with only moderately elevated free T, were considered so that the plot would not be overcrowded and the border areas could be 101 ... Fig. 3 The arbitrary demarcation lines from Figs 1 and 2 superimposed and a compromise reference area for T.: TBG at various TBG levels established. 
Discussion
The relationship between Tc and TBG is more complex than was originally thought. Burr et aU showed a good correlation (r = 0·94) between T c and TBG in euthyroid subjects throughout a wide range of TBG concentrations. Later studies,23 however, have suggested that this relationship may not necessarily be valid throughout the range of TBG concentrations encountered in clinical practice. In addition, a number of patients with abnormal TBG concentrations have presented in this department with a misleading T c: TBG and a serum free Tc has been necesary to characterise them biochemically. This study clearly demonstrates the true relationship between T c: TBG and TBG for a wide range of TBG concentrations. For high TBG levels the euthyroid range for the ratio both narrows and falls quite considerably. Thus a patient with an elevated TBG and clinical hyperthyroidism may present with an apparently normal T c: TBG ratio (eg, a man aged 59 years with possible clinical hyperthyroidism showed T c378 nrnol/l, TBG 39·9 mg/l, T c: TBG9·5, which is apparently normal; however, free T 4 40 pmol/l and a very poor response of serum TSH to a TRH stimulation test confirmed hyperthyroidism).
Similarly, for low TBG concentrations the euthyroid range of the ratio has increased to a much higher level than has hitherto been suspected. Thus a patient with a very low TBG and a high ratio might have been labelled hyperthyroid (eg, a man aged 35 years with ?thyroiditis, T4 63 nmol/l, TBG 3·8 mg/I, and T 4 : TBG 16·6, suggesting hyperthyroidism; however, free T 4 24 pmol/l confirmed he was euthyroid). Conversely, a patient with a low TBG could present with a normal or high ratio and yet be hypothyroid (eg, a man aged 71 years, T 4 31 nmol/I, TBG 2·5 rng/l, and T 4:TBG 12·4, suggesting possible hyperthyroidism; however, free T 4 11 pmol/I and TSH 6 mUll confirm that the patient probably had secondary hypothyroidism).
This study confirms the recent findings of Cusick'' who showed a higher than expected T 4 : TBG at TBG levels less than 12 mg/I and a lower ratio than expected with TBG levels greater than 12 mgjl, He did not, however, attempt to derive the numerical limits for T4: TBG in the range of TBG levels found in clinical practice.
It would, therefore, appear from the clinical cases quoted and the results presented that the T4: TBG in the euthyroid subject varies according to the 103 TBG concentration. The ratio has, therefore, been more clearly defined and its use as a primary thyroid function screen enhanced.
